Many different types of habitat classification schemes have been developed for the coastal and marine environments. These schemes range from site-or topic-specific types to broad approaches that cover large geographic regions. However, comparison of habitat types from one study or from one region to another is generally not possible because of the incompatibilities of these schemes. For example, disparate types of classification schemes have been developed for shallow water, using "top-down" classification tied to the biology of the intertidal and photic zones, and for deep water, using "bottom-up" classification tied to the geologic substrate. Nevertheless, today with the intense effort of seafloor mapping and the support of geographic information systems (GIS), synthesis of marine benthic habitat classification is necessary if habitats are to be evaluated on a regional basis. Of critical importance to a unified scheme for mapping habitat types is flexibility within the scheme that enables the user to mix and match or add and subtract attribute types to produce a map that specifically addresses his/her needs.
Introduction
Classification of marine benthic habitats has recently become a hot topic of discussion, because of the need to understand the near-bottom conditions and the various methods and scales that researchers have been using to map the seafloor. Many different types of habitat classification schemes have been developed to describe and map these conditions for coastal and marine environments. These schemes range from site-or topic-specific types to broad approaches that cover large geographic regions. Many investigators have tailored classification schemes to support their specific interest at the time of their studies. However, comparison of habitat types from one study or from one region to another is generally not possible because of the incompatibilities of these schemes. Today with the intense effort of seafloor mapping and the support of geographic information systems (GIS), coordination of marine benthic habitat classification is necessary if habitats are to be evaluated on a regional or national basis.
Often mapping efforts are focused solely on the collection of the bathymetric data, and little or no attention is paid to the "added value" aspect needed for the construction of maps that will be useful to managers and other end users. End users are generally impressed with the photo-like pictures that can be constructed from digital MBES bathymetry, but are often perplexed by how to use the data for management or planning purposes. It is critical, therefore, that any mapping effort undertaken should have an objective, in contrast to mapping just for mapping sake, and that an interpretive process directed toward the objective be included as a major part of the exercise so that usable maps can be produced. Adoption of a marine benthic habitat-mapping scheme is necessary to advance this goal.
In the evaluation of a classification and mapping scheme, it is critical to determine how user-friendly and adaptable a scheme is and whether it can be used to evaluate all of the parameters considered critical for management purposes. Although many of the parameters needed to identify a habitat may not be easily included in a scheme, it may be possible to use seafloor conditions and other parameters as surrogates or proxies for particular habitat types. In this context the term "habitat" as applied to such schemes needs to be defined, as the word means different things to different investigators. Thus, the term "potential habitats" has been introduced as the descriptor for mapped seafloor conditions such as depth, temperature, light, salinity, nutrients, currents, substrate type, geomorphology, and structure-forming organisms (Greene et al. 2005) . We believe that it is apparent that seafloor morphology and substrate type provide benthic habitats for certain organisms; however, often the organisms that actually occupy the habitat may be unknown or inferred. Therefore, the habitat that is characterized has a potential to act as a habitat for a certain organism or community of organisms.
Of critical importance to mapping habitat types is the flexibility of a user to mix and match or add and subtract attribute types, to produce a map that specifically addresses the objective(s) of the mapping exercise and future unknown needs. This is often accomplished by using a hierarchal or nested scheme. Mapping requires the clear, unambiguous definition of classes that will allow consistent mapping. The minimum mapping unit (smallest mapped area) must also be stated, and often varies with the level in a hierarchal classification. The smallest detectable unit in the mapped quantity must also be stated. The deepwater (>30 m) marine benthic habitat-mapping scheme used for 15 years to map the west coast of North America allows for such mixing of attributes that can be easily queried in a GIS (see Greene et al. 1999 Greene et al. , 2007a . Although it is recognized that there is no perfect habitat-mapping scheme that meets all user expectations, this scheme allows for the archiving of detailed interpretations that can be accessed in the future when corresponding biological and ecological information become available. It can be applied in shallow water as well as in deep water. However, a standard for mapping such attributes needs to be agreed upon. NOAA (Allee et al. 2000) has undertaken this effort in drafting the Coastal and Marine Ecological Classification Standard (CMECS), with the second version recently developed by NatureServe (Madden et al. 2005 (Madden et al. , 2007 .
The objective of this paper is to list various habitat schemes, including those evaluated by Lund and Wilbur (2007) and others presented at the Marine Habitat Mapping Workshop for Alaska (April 2007, Anchorage, Alaska), for the purpose of background referencing, and to present a habitat mapping scheme that we have used to map deepwater marine benthic habitats in Alaska. We specifically address issues of scale and the use of geologic parameters as surrogates of seafloor habitat types. In addition, the intent of this paper is to list and briefly review methodologies of habitat characterization for an audience not familiar with marine benthic habitat mapping procedures. We anticipate that this paper will be useful in referencing various characterization schemes and understanding the way most of the marine benthic habitat mapping has been accomplished in the past.
Habitat schemes (from the review of Lund and Wilbur 2007)
In order to familiarize the reader with the variety of marine benthic habitat characterization schemes being considered for use by the seafloor mapping community, we have listed below in tables a series of schemes that are in popular use today. These lists are in no way comprehensive, but should be useful for those not familiar with the evolution of marine benthic habitat mapping methodologies.
Presently there are about 14 different marine benthic habitat schemes available for use in characterizing deepwater and coastal (subtidal) habitat types: ten developed for the United States, two for Europe, one for Canada, and one for Australia. The schemes developed in North America are shown in Table 1 . The most commonly used schemes for Europe are presented in Table 2 . In their review of 12 of these schemes, Lund and Wilbur (2007) selected four that they considered most useful for mapping the marine benthic habitats of the coastal and marine environments of Massachusetts. The schemes they recommended are listed in Table 3 and may be useful to Alaska's habitat mapping considerations as Massachusetts has a somewhat similar glacial geologic setting.
Another Canadian scheme, not reviewed by Lund and Wilbur (2007) , was designed to map ecosystem-based habitats of the Scotian Shelf and Bay of Fundy of the Northwest Atlantic Ocean and is significant in its approach as a processdriven habitat characterization and mapping tool Hannah 2007) . These authors recognized the fact that generally "habitat maps are commonly based on defining regions having similar chemical, physical and biological characteristics, " with boundaries between habitat types being determined on "arbitrarily chosen levels of physical variables and on approximation of spatial location" (Kostylev and Hannah 2007) , although this is debatable. Kostylev and Hannah (2007) constructed maps by using a habitat template approach that "integrates multiple environmental fields" to produce maps that show the distribution where organisms with particular life history traits are likely to flourish. The scheme is based on ecological theory using two selective forces of disturbance and adversity of the environment, which are displayed in a graphical context or template utilizing two axes (X and Y). Seabed disturbance is defined as "the ratio of the characteristic friction velocity to the critical shear stress required for initiation of sediment movement" and "reflects the intensity of habitat alteration or destruction" represented as a function along the X-axis (Kostylev and Hannah 2007) . Adversity is called by Kostylev and Hannah (2007) "scope for growth" and is a function along the Y-axis. These authors propose that the adversity axis represents "energy available for growth and reproduction of a species after accounting for energy expended adapting to the environment. "
The process-driven characterization and mapping of seabed habitats as described by Kostylev and Hannah (2007) show promise for the production of more realistic ecosystem-driven habitat maps. However, for many areas that need to be mapped, especially in Alaska, a comprehensive oceanographic data set comparable to the one available to Kostylev and Hannah (2007) does not exist. In areas where such data sets do exist, or when such data sets become available, it would be worthwhile to consider construction of such products for Alaska. Also, while Alaska shares similar seabed and oceanographic characteristics with the Scotian Shelf in the form of glacially formed morphology and substrate types, as well as a similar geographic position in regard to latitude, Alaska has far more exposed bedrock and other hard outcrops including volcanic and plutonic rocks that make for nonarbitrary substrate selection and spatially positioned habitat types. Thus the substrate-based habitat maps are particularly useful in Alaska. In the future, historically constructed seafloor habitat maps and those that are being constructed today in Alaska could be further developed by adding oceanographic data (e.g., currents, temperature, salinity, or pelagic habitats) as envisioned in the CMECS system (Allee et al. 2001; Madden et al. 2005 Madden et al. , 2007 or by adding more interpretive, process-driven characteristics as envisioned by Kostylev and Hannah (2007) .
An Australian scheme has been developed for mapping on a much smaller scale using a geomorphological framework based on wide-spaced bathymetric and geologic information (Butler et al. 2001) . Harris et al. (2007) describe how this scheme was used as a surrogate method to map habitats in Southeast Australia for the design of a representative system of marine protected areas (Harris 2007 . Biological and bathymetric information were used to define boundaries for broad habitat types or bioregions. A nested-hierarchical classification scheme that provides the basis for schemes developed by Dethier (1992) , Greene et al. (1999) , Allee et al. (2000) , Kutcher et al. (2005) , and Greene et al. (2007a) and mostly focused on wetlands. A preliminary hierarchical classification system organized by substratum, depth, energy level, and salinity; an older system that has pretty well been dropped.
Allee et al. 2000 The Marine Ecosystem and Habitat Classification
A comprehensive coastal and marine scheme for entire U.S., the second national classification scheme since Cowardin et al. (1979) .
Brown 2002 Our Living Ocean Benthic Habitat Classification System
Developed to define and describe critical habitats for federally managed fisheries species; consists of five major habitat types (freshwater, estuarine, nearshore, offshore, and oceanic islands and banks).
Madley 2002
Florida System for Classification of Habitats in Estuarine and Marine Environments (SCHEME)
Focuses on nearshore and neritic areas inhabited by corals, hard corals, hard bottom, and seagrass communities.
North American-derived marine benthic habitat mapping schemes commonly in use today and reviewed by Lund and Wilbur (2007) . Date is the year the scheme was published. Comments are from Lund and Wilbur (2007 Incorporates major themes of BioMar (the system of mapping coastal habitats developed at Trinity College in Dublin, Ireland); includes both aquatic and terrestrial habitats for most of Europe.
European-derived marine benthic habitat schemes commonly in use and reviewed by Lund and Wilbur (2007) . Date notes the year the scheme was published. Comments are distilled from Lund and Wilbur (2007) .
Table 2. Marine benthic habitat characterization schemes of Europe. Reviewed (but not recommended) by Lund and Wilbur (2007).
Characterization was based on an ecosystem-based hierarchically nested classification scheme. An assessment was carried out using geomorphic features and shelf seascapes (spatial areas having similar physical properties, primarily substrate based) to determine the extent to which "broad areas of interest" (BAOI) were comprehensive, adequate and representative. This work resulted in the geomorphic, bioregionalization, and seascape mapping on a regional scale.
Seafloor mapping in Alaska
Although there have been many seafloor-mapping projects in the state and federal waters of Alaska, little specific mapping for marine benthic habitat types has been done. The United States Geological Survey (USGS) did much of the early seafloor mapping in Alaska in the late 1970s and 1980s with the most extensive mapping effort being done by the collection of GLORIA sidescan sonar data for the entire Alaska Exclusive Economic Zone (Bering Sea EEZ-SCAN Scientific Staff 1991, Groome et al. 1997) , and more recently by NOAA in its multibeam mapping for updating navigational charts. However, the Alaska Department of Fish and Game (ADFG) initiated a specific marine benthic habitatmapping program in the early 1990s that has resulted in the construction of multiple marine benthic habitat maps (e.g., O'Connell et al. 2003 O'Connell et al. , 2007 Greene et al. 2007b; Shotwell et al. 2007 ). Most recently the National Marine Fisheries Service (NMFS) of NOAA's Auke Bay Laboratory, in Alaska, has undertaken habitat mapping in both Southeast Alaska and around the Aleutian Islands (Shotwell et al. 2007, Stone and .
A habitat-mapping scheme for Alaska
To consider what habitat scheme would be best for Alaska it is necessary to define both the habitats of interest and the existing technologies that will assist in the characterization and mapping of the habitats. Valentine et al. (2005) defined the terms often used in describing methods to classify, characterize, and map seafloor benthic habitat types as follows (slightly modified):
Habitat characterization produces narrative and illustrative descriptions of habitats based on geological, biological, chemical, and oceanographic observations and sampling.

Habitat classification is the process of identifying habitat types based on a set of standard terms.
Habitat mapping is the spatial representation of described and classified habitat units.
Taking these terms further, Greene et al. (2005) suggested that since organisms that occupy various marine benthic habitats are often unknown that the term "potential habitat" be used as follows (slightly modified):
A potential marine benthic habitat describes the physical, geological, chemical, and biological Cowardin et al. (1979) , Dethier (1992) , Greene et al. (1999) , Allee et al. (2000) , Madley et al. (2002) , Zacharias and Roff (2000) , and Connor (1997 Connor ( , 2004 Greene et al. 1999 , Allee et al. 2000 , Connor et al. 2004 in their procedure to develop this scheme. Like Greene et al. (1999) , this is a geologic-centric classification based on seafloor mapping data.
Recommended habitat-mapping schemes with comments from Lund and Wilbur (2007) . 
Surrogates
Often many of the elements that are needed to comprehensively describe and map a habitat are not available at the time of mapping. An emerging field of investigators is studying the use of proxies or surrogates consisting of a set of seafloor conditions such as substrate type (soft versus hard), geomorphology, and complexity or rugosity to describe a potential habitat type. Modern technology such as MBES systems are advancing and expediting surveys of the ocean floor and enable development of alternative methods in characterizing, classifying, and mapping seafloor habitats. An example of such a method is provided in the bioregionalization program of Australia (IMCRA 3.3 1998; Butler et al. 2001; Harris et al. 2002 Harris et al. , 2007 Harris 2007) . Alaska has fully 66% of the U.S. continental shelf. Overall, the U.S. Exclusive Economic Zone (EEZ) around Alaska encompasses over 3.7 million square kilometers, or 45% of the U.S. EEZ around the 50 states. When territories and possessions are included, Alaska still comprises 33% of the total U.S. EEZ. Time and effort will be required both to map the extensive continental margin of Alaska and also to gain enough information to properly define the various habitats that exist. Although substantial work has been done in both mapping and biological assessment of the Alaska continental margin, much more needs to be done.
Seafloor-mapping technology allows for rapid imaging of the seafloor relative to the collection of biological, chemical, and physical oceanographic data. Furthermore, seafloor ecosystems are heavily influenced by geomorphic setting and substrate characteristics and some of these in turn are shaped partly by oceanographic processes. Geophysical mapping can use these relationships to identify surrogates for habitat types. Therefore, while remotely collected geophysical data cannot comprehensively define marine ecosystems, they provide an efficient means of mapping the distribution of benthic marine habitats.
Physical seafloor conditions such as sediment type and texture, geomorphology, seafloor dynamics indicated by active sedimentary bedforms, and geology (rock type or lithology and texture) along with geographic location, depth, and physiographic setting can be used as surrogates of potential habitats. For example, in Southeast Alaska the presence of eroded volcanic cones with steep columnar basaltic columns and a basal boulder rubble apron identified with MBES images provides important habitat for an assemblage of groundfishes that includes yelloweye rockfish (Sebastes ruberrimus), tiger rockfish (S. nigrocinctus), lingcod (Ophiodon elongatus), prowfish (Zaprora silenus), and sharpchin (S. zacentrus) (Greene et al. 2007b ; Fig. 1 ). These features are identified with MBES images. Other such features such as the volcanic cone mapped in the Fairweather groundfishing area (Fig. 2) have been found to concentrate the same populations of fishes and thus these geologic structures can be used as surrogate habitats. In addition, O'Connell et al. (2007) report on the relatively high relief, rugged (faulted and fractured) plutonic rock offshore of Cape Ommaney, near the opening to Chatham Strait, as a surrogate for the habitat of the target species yelloweye rockfish. The intense fishing for yelloweye in this area supports the surrogate habitat selection.
Scale
Scale is a critical element in any habitat mapping exercise. First of all, each habitat mapping project should be designed around a well-defined objective, or goal. For example, the objective may be to locate potential habitat for a particular adult species or assemblage of species. Second, the size of the species, range of travel, and refugia type will dictate the scale at which the habitat should be imaged and mapped. This will constrain data acquisition resolution and scale, which in turn determine which scale should be used for processing the data. Finally, the scale of interpretation should be adequate to map the habitat in the resolution necessary for any species-habitat analyses that may be done. Resolution and quality of data also dictate map scale, as the lower these are the smaller the map scale will be.
Choosing a habitat mapping scheme for Alaska
Any habitat classification and mapping scheme to be applied in Alaska should meet the criteria for such schemes described by Lund and Wilbur (2007) . These authors suggest that such a scheme have a "geographic focus" and a habitat "class coding system. " In addition, the scheme should be able to accommodate the variety of data used in mapping and have a mechanism for incorporating ad hoc comments, and be flexible enough to accommodate updates. Therefore, the critical elements for habitat mapping using geophysical techniques should include at least the following: Therefore the interpretive process of habitat characterization and mapping should focus on geographic and physiographic location, depth, substrate type (e.g., soft versus hard, smooth verse rough, and rock versus sediment), and geomorphology (e.g., continental shelf versus steep slopes, canyons, seamounts, banks). Definitions of substrate type and geomorphology are scale dependent. All of these parameters can be obtained with modern seafloor mapping technologies supported by spot in situ observations and sampling to provide the groundtruthing information.
Technology dictates how we map the seafloor and provides the ability to fairly rapidly collect bathymetric images and backscatter mosaics. Acoustical systems that remotely collect data, such as MBES systems, are generally more efficient in deep water while optical systems such as LIDAR (light detection and ranging) work better in shallow water and coastal zones. Most of the seafloor mapping efforts being done now for habitat purposes use these systems (e.g., Huff 2008); thus any habitat characterization and mapping scheme should be adaptable to data provided by such systems.
For the past 15 years we have been acoustically mapping the seafloor in Southeast Alaska for the purpose of defining and mapping rockfish habitats using the habitat-mapping scheme of Greene et al. (1999 Greene et al. ( , 2005 Greene et al. ( , 2007a . Since its inception, the scheme has been tested and modified to address various ecological questions about habitats such as detailing anthropogenic features imaged with MBES data. The habitat attributing code continues to evolve and is flexible enough to accommodate the special interests of an investigator. The scheme is based on physiography, induration or hardness of the substrate, and geomorphology. Modifiers are available to describe such features as substrate types, dynamic seabed conditions, rock types, and anthropogenic structures and disturbances (see Appendix). Scale is inherent in the scheme. Its scaling of mega-, meso-, macro-, and microhabitats are defined. This scaling is being considered for incorporation into CMECS (Madden et al. 2005 (Madden et al. , 2007 , as illustrated in Table 4 .
An example of how the Greene et al. (2007a) scheme is used to produce a potential habitat map is given in Fig. 3 . The attribute code used in the construction of the map can be found in the Appendix. The first character indicates general setting and depth. The features mapped are primarily located on the continental shelf and are no deeper than 200 m, thus the capital "S" (shelf ) as the first character of the code. Hard, soft, or mixed substrate is indicated by an "h", "s", or "m" in the second character of the code.
A variety of hard substrate has been mapped in this study area and consists of bedrock exposures or outcrops, pinnacles, or boulders as sometimes denoted by the third character of the code, "e" for bedrock or basement exposure, or "p(b)" for pinnacle/boulder, which follow the induration code for hard "h. " To simplify the code, "Sh" may be used followed by modifiers that indicate a type of rock and its texture as shown by the characters that follow the underline: "_g/f " means granite/fractured and "_g/s" means granite/scoured, in this case scoured by ice (glaciers). Thus, these two rock outcrops, although of the same type of rock, are different in that the outcrop labeled Sh_g/f is rugged and more rugose (unglaciated), while the other, labeled Sh_g/s, is smooth (glaciated).
In regard to soft unconsolidated substrate the code can be written in a very simple manner such as "Ss_u" (Shelf, soft_unconsolidated), which denotes that the substrate type is located on the continental shelf and consist of soft unconsolidated sediment. If the sediment type has been, or is being, disturbed or transported by dynamic seafloor processes such as currents it can be defined as a macrohabitat such as a sediment wave field using the character "w" or with the modifier "r" for rippled. Thus, the code "Ssw_u/r" (Shelf, soft, wave_unconsolidated/rippled) would indicate a rippled sediment wave field. Where the substrate is interpreted to be composed of unconsolidated sediment of multiple grain sizes it is noted as such using the modifier "b" (bimodal) for two or more sediment sizes, as in the code "Ss_u/b. " If the clast sizes are known, then these grains can be denoted "Ss(c/p)_u/b" where the characters "c" and "p" indicate cobble and pebble in the order of the most predominant type first. Thus, the translation of this code is "Shelf, soft (cobble/ pebble)_unconsolidated/bimodal. "
Finally, mixed induration as indicated by the character "m" refers to soft unconsolidated sediment overlying a hard substrate such as bedrock or cobble/pebble pavement. In a pavement, the clasts are well packed with each other and thus function as a hard substrate for habitat purposes.
It is beyond the scope of this paper to go into the details of all of the various combinations of codes that can be used to characterize and map potential habitat types. The code is fairly intuitive and the characters available for coding habitat types are presented in the Appendix. For further details on Shows how scale of habitats defined by Greene et al. (1999) can be incorporated into the CMECS habitat classification standard. Pixels refer to images of mapping data, and correspond to the area represented by an individual data point. Multiple pixels for data points (or cells in a grid) are necessary to identify seafloor features. how the characterizing and mapping scheme discussed here can be used, the reader is referred to Greene et al. (2007a) .
Discussion
Any habitat characterization scheme and mapping attribute code needs to be intuitive and applicable to an ecosystem approach to mapping marine benthic habitats. In order to be useful, it also needs to support a relatively efficient way of defining significant habitat characteristics and their distribution. Modern acoustic MBES mapping systems for deep water, and high-resolution interferometric sidescan sonar and bathymetric LIDAR for shallow water, now allow for fairly rapid data collection. Furthermore, biological attributes of benthic ecosystems are directly (though not exclusively) related to the geological and physical seafloor characteristics. These characteristics can act as proxies or surrogates for identifying potential benthic habitats. Since the geological and physical seafloor environment can be much more efficiently imaged and mapped than the biological attributes, and can act as a reasonably good surrogate for the biology, it seems logical to characterize habitat types from the bottom up (i.e., starting with the seafloor itself ). The classification scheme described here was initially developed for Alaska and West Coast rockfish habitats. It was also designed to be flexible and adaptable to other types of deepwater habitats, and has been successfully applied to a variety of environments, including sedimented continental shelves (e.g., California When multiple combinations of the habitat code are used, the result can appear complex and opaque. However, new users should understand that simpler attributes may be extracted from the code for analysis; for example, the second character indicates hard, mixed, or soft substrate, and can be used independently of other codes. The philosophy behind the application of the code by Greene and coworkers is to record as much information as possible in the initial map of potential habitats. This minimizes the need to reexamine mapping data when new habitat questions arise. It provides a basis for posing and testing hypotheses about physical habitat characteristics that might serve as the best surrogates for benthic ecology (e.g., Rooney et al. 2008) . This level of detail also can reveal unexpected correlations between seabed features and benthic organisms (e.g., sand lance study in the inland seas of the San Juan Islands [see Blaine 2006 , Lopez 2007 ).
In Alaska, for the past 15 years ADFG has been mapping commercial fishing grounds using the habitat characterization scheme and attribute codes of Greene et al. (1999 Greene et al. ( , 2005 . The resultant maps of potential habitats, along with line transects using the submersible Delta to count rockfish, are being used primarily to manage the yelloweye rockfish stocks in Southeast Alaska. Other habitat mapping efforts using this classification scheme, either completed or in preparation, include sites around the Gulf of Alaska at Chirikof Island, Albatross Bank, Portlock Bank, Cape Ommaney/ Baranof Island, Pamplona Spur, and the upper slope off Yakutat (Greene et al. 2002 , Rooney et al. 2008 ). In the Bering Sea, habitat mapping is under way on the submarine slopes of Bogoslof Island (Reynolds and Zimmerman 2008) . Recently, this mapping method has been extended to the central Aleutian Islands where investigators from NOAA's Auke Bay Laboratory, the University of Alaska Fairbanks, ADFG, and Moss Landing Marine Laboratories' Center for Habitat Studies are undertaking evaluation of deepwater coral and sponge habitat, a project supported by the North Pacific Research Board (NPRB) and the West Coast and Polar Regions regional center of NOAA's National Undersea Research Program (NURP) (e.g., Greene 2007, Heifetz et al. 2008) .
The Greene et al. (1999 Greene et al. ( , 2007a ) mapping methodology provides a geological base map to which biological data can be added to complete an ecological habitat map. Since this methodology is flexible and can be altered to address specific habitat problems, it appears promising for general application in Alaska. The methodology is based on GIS and thus provides the ability to select attribute codes in a fashion that can be used to produce tailored maps of interest to the user.
Conclusions
Scientists will most likely be embarking upon a considerable seafloor-mapping program for Alaska in the future because of its extensive fisheries and the desire to keep them healthy. The intent of mapping the seafloor should be to obtain data that will allow for improved management of potentially endangered species or to assist in the sustainability of present day fisheries. To assist in this effort a habitat classification and mapping scheme should be adopted so that mapped potential marine benthic habitats can be compared and contrasted over the very extensive Alaska continental margin. Whatever methodology is decided upon for a regional standard, it needs to incorporate the maps already constructed for displaying potential benthic habitat types and build on the considerable mapping effort accomplished to date.
The costs for undertaking MBES, sidescan sonar, and groundtruthing surveys are high and can be as much as $38,000 US per day (see Workshop Report, this volume). It is therefore critical to properly plan for data collection with a clear and distinct objective. An end project should always be designed with a set of users in mind. In addition, because geophysical and in situ data can be used for multiple purposes such as for mapping potential habitat, geologic, geohazards, sedimentary processes, and seafloor resources, thematic or derivative products also need to be considered. In Alaska the time is right to plan for multidisciplinary multiple-task mapping ventures.
Appendix: Key to Habitat Code
An attribute code was written to easily distinguish each habitat type and to facilitate ease of use and queries in GIS (e.g., ArcGIS). This code is based on the deepwater habitat characterization scheme developed by Greene et al. (1999) and modified for use in mapping habitats offshore of California (Greene et al. 2005 (Greene et al. , 2007a .
Determined from remotely sensed data
The code is designed so that the first character in the code, a capital letter, indicates one of nine megahabitat types. These general megahabitat types with suggested depth ranges in parentheses are as follows: A = Aprons, continental rise, deep fans, and bajadas (3,000-4,000 m). B = Basin floors, borderland types (floors at 1,000-2,500 m). E = Estuary (0-100 m). When inferred, use question mark; i.e., (m?). This part of the code is not always used so is not considered as a character in the code.
The third character in the code, another lower case letter, not always used, indicates the meso-or macrohabitat type (dependent upon scale). These types consist of the following: a = atoll b = beach, relic (submerged) c = canyon d = deformed, tilted and folded bedrock e = exposure, bedrock f = flats, floors g = gully, channel h = hole, depression i = ice-formed feature or deposit, moraine, drop-stone depression k = karst, solution pit, sink l = landslide m = mound; includes linear ridges n = enclosed waters, lagoon o = overbank deposit (levee) p = pinnacle, cone (Note: Pinnacles are often difficult to distinguish from boulders. Therefore, these features may be used in conjunction [as (b)/p] to designate the meso/macrohabitat). r = rill (subterranean winnowing of sediments forming linear depressions on surface) s = scarp, cliff, fault, or slump scar t = terrace v = vegetative sediment or rock (grass or algae covered) w = sediment waves (10 cm to <m amplitude) and dunes (10s of m in amplitude) y = delta, fan z # = zooxanthellae hosting structure, carbonate reef z 1 = barrier reef z 2 = fringing reef z 3 = head, bommie z 4 = patch reef z 5 = back reef z 6 = reef flat z 7 = reef crest z 8 = fore-reef
The fourth character in the code, preceded by an underline (e.g., _a), is a modifier that describes the texture, bedform, biology, or rock type and consists of the following: _a = anthropogenic (artificial reef/breakwall/shipwreck/disturbances) (a-c) = cable (a-dd) = dredge disturbances (a-dg) = dredge grooves or channels (a-dp) = dredge potholes (a-dm) = dredge mounds (disposal) (a-td) = trawl disturbances (a-g) = groins, jetties, riprap (a-p) = pipelines (a-s) = supports, dock pilings, dolphins _b = bimodal (conglomeratic, mixed [includes gravel, cobbles, and pebbles]) _c = consolidated sediment (includes claystone, mudstone, siltstone, sandstone, breccia, or conglomerate) _d = differentially eroded _e = effusive pit, pockmark _f = fracture, joint, faulted _g = granite _h = hummocky, irregular relief _i = interface, lithologic contact _k = kelp _l = limestone or carbonate _m = massive sedimentary bedrock _o = outwash _p = pavement _r = ripples (>10 cm in amplitude) _s = scour (current or ice, direction noted) _u = unconsolidated sediment _v = volcanic rock Seafloor Slope-Use category numbers, which is the fifth character in the code. Typically calculated for survey area from x-y-z multibeam bathymetry data. 
